Lipopolysaccharide (LPS) isolated from Agrobacterium tumefaciens inhibited tumor induction by virulent bacteria. LPS from site-binding strains was not effective if added to the plant wound shortly after the bacteria, and LPS from avirulent, non-site-binding strains ofAgrobacterium was not inhibitory regardless of the order of addition. However, LPS and whole cells of avirulent strains NT1 and IIBNV6, which lack ofAgrobacterium virulence plasmid, were inhibitory. Chromosomal deoxyribonucleic acid thus determines specificity of this essential component of the Agrobacterium infection process.
Lipopolysaccharide (LPS) isolated from Agrobacterium tumefaciens inhibited tumor induction by virulent bacteria. LPS from site-binding strains was not effective if added to the plant wound shortly after the bacteria, and LPS from avirulent, non-site-binding strains ofAgrobacterium was not inhibitory regardless of the order of addition. However, LPS and whole cells of avirulent strains NT1 and IIBNV6, which lack ofAgrobacterium virulence plasmid, were inhibitory. Chromosomal deoxyribonucleic acid thus determines specificity of this essential component of the Agrobacterium infection process.
Tumor induction by Agrobacterium tumefaciens occurs only after the bacterium attaches to a specific site in a plant wound (6) . To understand the nature of this attachment and its role in crown-gall tumor induction, both the bacterial and host attachment site components must be isolated and characterized. We present evidence below indicating that the bacterial site component is contained in the lipopolysaccharide moiety of the cell envelope.
MATERIALS AND METHODS
Cultures of A. tumefaciens (Smith and Town.) Conn, strains B6, ATCC 15955, IIBNV6, Ag 19, K84, and NT1, and A. radiobacter (Beijerinck and van Delden) Conn, strains S1005 and ATCC 6467, were grown to stationary phase (48 h), and viable counts were determined by plating, as described previously (6) .
For cell envelope preparations, bacteria were harvested by centrifugation for 30 min at 10,000 x g, and resuspended in 0.9% NaCl, and the process was repeated. Cell suspensions in 0.9% NaCl at lOx the initial culture concentration were homogenized with an equal volume of acid-washed glass beads (0.17 to 0.18 mm) in a Braun homogenizer at 4,000 rpm for 5 min with liquid CO2 cooling. The beads were removed by decantation, and remaining intact cells were removed by a 10-min centrifugation at 3,000 x g. The 3,000 x g supernatant was centrifuged for 30 min at 10,000 x g, the sediment constituting the crude cell envelope preparation (CEP).
Lipopolysaccharide (LPS) was obtained by treatment of lyophilized cells or CEP with 45% phenol at 65 C as described by Westphal and Jann (10) . The aqueous phase was centrifuged at 20,000 x g for 1 h (2), and the supernatant containing LPS was dialyzed for 3 days against distilled water and then lyophilized. The LPS was resuspended in hot water (5 min at 55 C) at a concentration of 2% (wt/vol) and centrifuged for 4 h at 105,000 x g at 4 C. The sedi- (3) . Boivin antigen (0-somatic antigen) was extracted by the cold trichloroacetic acid procedure described by Staub (7) .
The above preparations were mixed with viable virulent agrobacteria and shortly thereafter inoculated on 7-day-old primary pinto bean leaves, using a carborundum wounding procedure (4). Test samples and appropriate controls were each inoculated on 12 to 16 leaves, and the number of tumors initiated was determined 7 days later. The mean number of tumors obtained per leaf in these tests is proportional to the concentration of bacteria in the inoculum, and the standard error of these determinations is typically within + 0.2 of the mean (4, 5) . The data are reported as percentage of control tumors. The controls (100% value) in each experiment were portions of the same culture of virulent bacteria used to prepare the experimental samples and were inoculated at the same concentration.
RESULTS AND DISCUSSION Avirulent A. tumefaciens strain IIBNV6 was previously shown to inhibit tumor induction by virulent bacteria through competition for attachment sites (6), and Beiderbeck (1) reported that bacterial cell wall preparations inhibit tumor formation. Table 1 compares the effect of whole strain IIBNV6 cells and IIBNV6 CEP on tumor induction by virulent strain B6. The CEP was more effective in inhibiting tumor induction than whole cells at comparable con-centrations and at the lowest concentration, an amount derived from <107 whole bacteria, showed significant inhibition. Extrapolation of results from similar dilution experiments (not shown) suggests that dilutions of CEP representative of much less than a single bacterium (i.e., are necessary before all inhibitory activity is lost. Whole IIBNV6 cells at a concentration of 107 per ml, however, are too dilute to be inhibitory (6) . The increased number of envelope particles in the CEP relative to the number of particles represented by whole IIBNV6 probably accounts for much of this difference, though host site heterogeneity and the relative efficiency of fragments versus whole cells in completely blocking sites must be considered. Table 2 summarizes several similar experiments in which CEP, Boivin antigen, and LPS preparations from virulent A. tumefaciens were tested for effect on tumor induction by strain B6. These preparations were mixed and inoculated with strain B6 or inoculated separately VOL. 13, 1976 strains that fail to site bind would be expected to be noninhibitory. Table 3 shows the relative inhibitory activity of LPS from different strains of Agrobacterium and the inhibition obtained with whole cells of these same strains. Whole bacteria that inhibited, thus showing site competition, whether from virulent or avirulent Agrobacterium strains, yielded LPS preparations that also inhibited. Two strains of A. radiobacter, ATCC 6467 and S1005, whose cells show no inhibition (6) , yielded LPS preparations that also failed to inhibit tumor formation.
To further establish the role of bacterial LPS in site attachment, selective removal of LPS from viable bacteria was attempted. Using the method of Leive et al. (3) , cells of strain ATCC 15955 were extracted with EDTA to remove LPS. The cells were harvested by centrifugation and washed once with distilled water, and viability and tumor-inducing ability were compared with control cells that received similar treatment in the absence of EDTA. After adjustment for loss of viability (48% reduction in colony-forming ability as determined by dilution and plating shortly after inoculation), the EDTA-treated cells were only 17% as effective in inducing tumors as the control bacteria. This residual infectivity probably reflects incomplete removal of LPS, though this was not directly determined. bHeat inactivated (see reference 6).
The localization of LPS in the outer membrane of gram-negative bacterial cell envelopes and the role of LPS in determining antigenic specificity of gram-negative bacteria immediately suggest LPS as a likely candidate for the bacterial component of the Agrobacterium host site attachment. Agrobacterium LPS clearly inhibits tumor induction by whole bacteria only during the period of site attachment. The data indicate that this inhibition results from complex formation with host plant sites that prevents attachment and consequently tumor induction by whole bacteria. Consistent with this proposed role, treatment of A. tumefaciens to remove LPS reduces the specific tumor inducing ability of the bacterium. The LPS moiety of the outer portion of the Agrobacterium cell envelope thus appears to be an essential component for Agrobacterium infectivity, and, as demonstrated, LPS exhibits the specificity shown by whole cells in its ability to block site attachment. Agrobacterium strains NT1 and IIBNV6 inhibit strain B6 site attachment, as does LPS from these avirulent strains. However, both lack the large plasmid that is essential for Agrobacterium virulence (8, 9) . It is evident, therefore, that the determinants of LPS specificity reside in the chromosomal deoxyribonucleic acid of the bacterium. Thus both chromosomal and plasmid deoxyribonucleic acid carry specific information directly related to Agrobacterium infectivity.
